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Bias dependent specific contact resistance of phase
change material to metal contacts
Deepu Roy, Micha in ’t Zandt, and Rob Wolters
AbstractKnowledge of contact resistance of phase change
materials (PCM) to metal electrodes is important for scaling,
device modeling and optimization of phase change random access
memory (PCRAM) cells. In this article, we report the systematic
determination of the specic contact resistance (ρc) with voltage
bias for doped Sb2Te to TiW metal electrodes. These data are
reported for both the amorphous and the crystalline state of the
PCM.
Index TermsPCM, specic contact resistance, Cross Bridge
Kelvin Resistor(CBKR), bias dependence.
I. INTRODUCTION
ELECTRICAL contacts are an essential part of a device ora circuit for its operation. These contacts are character-
ized by the contact resistance, which is expressed in terms of
specific contact resistance (ρc). ρc is defined as the derivative
of voltage with respect to current density at the contact at
zero bias[1]. For a line cell the resistance of the current path
includes the resistance of the switching part of the line (RL)
and the resistance of the crystalline PCM contacts (Rc) [2].
In the ovonic type cells the PCM to electrode contact can be
in the amorphous or crystalline state. In reality, during the
operation of the device there will be a bias/voltage drop at
the contacts. Depending on the conduction mechanism at the
contact this voltage drop at the contact results in a deviation
of ρc compared to the value at zero bias.
In this article this bias dependence of ρc is characterized
for phase change material (PCM) to TiW contacts. This is per-
formed by current-voltage (I-V) resistance measurements (Rk)
on Cross Bridge Kelvin Resistance (CBKR) test structures as
shown in Fig.1.
II. EXPERIMENT
To fabricate PCM to TiW CBKR structures, 50 nm TiW is
deposited on a silicon wafer and patterned to form the bottom
electrode layer at the contact. The top layer is 20 nm PCM and
the contact area between the two layers is defined by contact
opened in a 50 nm PECVD SiO2 layer. To measure the PCM
to metal contact resistance, a current is forced from the metal
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Fig. 1. Coss Bridge Kelvin Resistor structure showing upper (PCM) layer,
lower (metal) layer and the contact structure (δ, L).
to PCM (1 to 3) and the voltage is measured orthogonal to
the direction of current flow (2 and 4) using a semiconductor
parameter analyzer. This allows measurement of the average
voltage at the contact[3] and the voltage drop due to current
spreading in the δ. The derivative of this I-V curve gives the
measured resistance at the contact (Rk). From Rk the specific
contact resistance (ρc) of the contact interface only is extracted
by using a 2D analytical model excluding the resistance in the
δ region [4]:
Rk =
ρc
A
+
4Rshδ
2
3WxWy
[
1 +
δ
2(Wx − δ
]
(1)
To be able to measure the contact resistance to amorphous
PCM these structures should be processed below the crystal-
lization temperature of PCM. The amorphous to crystalline
transition temperature for this doped Sb2Te is 160 ◦C [5][2].
So the CBKR structures have been processed with a thermal
budget of maximum 120 ◦C. Contact resistance measurements
are performed on these fabricated structures (PCM amorphous)
and after annealing (PCM crystalline) at temperatures of 250
◦C for 5 min in N2 ambient. Samples annealed above 250 ◦C
were protected against oxidation and evaporation by capping
with a 500 nm PECVD SiO2 layer deposited at 250 ◦C.
III. RESULTS AND DISCUSSIONS
Fig. 2 shows the I-V characteristics of CBKR structures with
PCM in the crystalline and in the amorphous state. Crystalline
PCM contacts show a linear current voltage (I-V) characteristic
unlike the amorphous PCM. Rk with voltage bias is calculated
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Fig. 2. I-V characteristics for the CBKR structures with (a) PCM in the crystalline state and (b) PCM in the amorphous state.
Ω Ω
(a) (b)
Fig. 3. Change in ρc with applied bias voltage. (a) Crystalline PCM, (b) amorphous PCM.
form the derivative of the I-V curve, from which the ρc is
calculated. The extracted ρc for doped Sb2Te to TiW contacts
in the amorphous and crystalline state for positive and negative
bias voltage across the contact is shown in Fig.3.
The crystalline state of the PCM results in a linear I-V
of the contacts and the Rk and ρc remains unchanged with
the applied bias voltage. From Hall measurements we have
derived a carrier concentration of approximately 21021cm−3
for crystalline doped Sb2Te phase change material. Given
this carrier concentration this PCM behaves like a metal to
silicon contact showing ohmic behavior with a linear I-V.
Here the tunneling process dominates and the value of ρc is
hardly dependent on the work function of the metal [1]. In the
crystalline state the ρc value for PCM to metal contacts is at
least two orders of magnitude higher than common metal to
metal contacts [6].
In the case of amorphous PCM to metal contacts, the
I-V characteristics is non-linear and here the extracted ρc
decreases with the voltage bias at the contact (Fig. 3(b)).The
dependence of ρc on the sign and magnitude of the applied bias
voltage is determined to investigate the effect on the switching
characteristics of PCRAM cells. This variation in ρc with
bias should be taken into account for contact characterization
and device modeling. The bias dependence on reset current
in PCRAM cells has been reported in the literature [7]. Our
measurements show a stronger dependence of ρc with negative
bias compared to positive bias. A similar behavior in ρc
values is also reported for metal semiconductors contacts in
the case of thermionic field emission. The ρc values are not
symmetrical with the bias voltage and the resistance peak is
not occurring at zero bias [8].
IV. CONCLUSION
In this article we report the bias dependence of specific
contact resistance for TiW to doped Sb2Te in the amorphous
and crystalline state of using dedicated CBKR measurement
structures. The electrical properties of crystalline PCM to
metal contacts show similarities with the highly doped silicon
to metal contacts. In the amorphous state ρc values show a
strong dependence with sign and the magnitude of applied
voltage bias. The knowledge of ρc is critical for the scaling,
device modeling and optimization of the switching character-
istics for PCRAM cells.
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